Folic acid activity, as determined by conventional bacteriological assay procedures, reflects the presence of a number of compounds other than pteroylglutamic acid (PGA). For example, one popular test organism, Streptococcus fecalis, will show a growth response in folic acid free medium to at least ten derivatives of PGA in addition to thymine, hypoxanthine, theobromine, guanidine, uric acid, and several other related compounds (1) . Another organism, Lactobacillus casei, shows growth with a somewhat wider range of PGA derivatives, including both methylated and triglutamate forms that do not support growth of S. fecalis (2) . Under these circumstances, the practice of expressing the growth-supporting ability of crude dietary materials in terms of a single reference standard may not give a true indication of the PGA content of foods, because food may contain a mixture of compounds with folic acidlike activity (3) . Nevertheless, most dietary tables on the folic acid content of foods are based on such assays.
The discrepancy between the amount of folic acid activity in diets and the amount of pure PGA required for the treatment of tropical sprue has led to the suggestion that humans may have a specific requirement for PGA (3) . It therefore seemed important to assess the quantity of PGA available in the unsubstituted form from ordinary foods and to investigate the amount of folic acidlike activity that is present in forms other than pure PGA. A method has been employed in which factors with folic acid-like activity are chemically 
METHODS
The procedure of the Association of Official Agricultural Chemists (4) with minor modifications was used for assay of folic acid.
S. fecalis procedure Assay medium. "Bacto" 318-dehydrated was used.1 To rehydrate this basal medium, 75 g was suspended in 1 L of distilled water, then heated to boiling for 3 minutes, and allowed to cool to room temperature.
Phosphate buffer. Prepared as described by Flynn (4) .
Standard folic acid solution. Prepared as described by Flynn (4) . Test organisms. Stock cultures of S. fecalis (ATCC 8043)2 were prepared by stab inoculation of bacto-micro assay culture agar. After incubation at 370 C for 18 to 24 hours, the cultures were stored in a refrigerator at 40 C. An assay inoculum was prepared by subculturing from the stock culture into a tube containing 10 ml of the bacto-micro inoculum broth. This inoculum was incubated at 370 C for 24 hours and then centrifuged under aseptic conditions; the supernatant liquid was decanted and discarded. The cells of the inoculum were resuspended in 10 ml of freshly sterilized 0.9%o saline solution. This procedure of washing and centrifuging was repeated 3 times. The washed cells were then suspended in 10 ml of sterile saline solution. One ml of this suspension was aded to 9 ml of sterile saline, and one drop of this suspension was used to inoculate the assay culture tubes.
Chicken pancreas (conjugase) preparation. Approximately 10 g of fresh chicken pancreas was homogenized in a Waring Blendor with approximately 35 ml of phosphate buffer at pH 7.2. The homogenate was then diluted to 50 ml with distilled water. This solution was distributed equally into ten test tubes and stored in the freezer at -200 C. This method is similar to the preparation procedure described by Mims and Laskowski (5) . Before use, 1 ml of this solution was diluted to 10 ml with distilled water.
"Free" folic acid activity. Crude diets were homogenized in a 1-gallon blender. Water was added to facili-1 Difco Laboratories, Detroit, Mich. 2 American Type Culture Collection, Washington, D. C. tate homogenization. Final total diet weights were recorded to permit calculation of results, and samples of approximately 250 g were stored in the freezer at -200 C until ready for use. Duplicate assays for "free" folic acid activity were carried out as follows: A 5-g portion of the homogenate was placed in a small blender and homogenized for an additional 3 minutes with 35 ml of distilled water and 40 ml of phosphate buffer at pH 7.2. The homogenate was then transferred to an Erlenmeyer flask, along with 100 ml of distilled water to rinse the blender, autoclaved for 15 minutes at 15 pounds pressure, and allowed to cool to room temperature. Each sample was then diluted to 200 ml with distilled water and filtered through a Seitz filter pad. Samples of the filtrate were taken in duplicate, diluted if necessary to 5 ml with distilled water, added to 5 ml of assay media, autoclaved at 7 pounds for 15 minutes, cooled, and inoculated with one drop of the S. fecalis suspension. After incubation for 18 hours at 370 C, turbidity was determined in a spectrophotometer 3 at 650 mu and compared with a standard PGA growth curve determined simultaneously.
"Total" folic acid activity. Diet samples were prepared as described above for free folic acid activity, except that after the initial autoclaving, they were cooled to room temperautre and allowed to incubate at 370 C overnight with 5 ml of the diluted chicken conjugase preparation. After incubation, the samples were autoclaved for 5 minutes at 15 pounds pressure to inactivate the conjugase. The samples were then cooled, diluted to 200 ml with distilled water, and filtered through Seitz filter pads. After proper dilution of the filtrate, 5-ml samples were assayed with 5 ml of the assay media as described in the preceding paragraph. Blank determinations were accomplished by the same procedure on the conjugase preparation without added dietary material.
L. casei procedure
Preservative mixture, maintenance media, L. casei stock culture (ATCC 7469), folic acid standard, folic acid standard curve, and the glassware were all prepared as described by Herbert (6) . Assay medium. Folic acid assay medium as described by Baker and co-workers (7) was employed.4 To rehydrate this medium 94 g of the dry material was suspended in 1 L deionized water. 0.1 ml Tween 80 and 0.5 ml of the preservative mixture were added. This solution was then stored in a brown polyethylene bottle in the refrigerator.
Ascorbate butffer. 23 .46 g NaH2PO H..O and 4.16 g of Na.HPO4 12H.O were diluted to 1 L with deionized water. The pH was adjusted to 6.1, and 0.5 ml of the preservative mixture was added. Immediately before use, 1.0 g of ascorbic acid was added to each 100 ml of buffer.
Free folic acid activity. The same procedure as outlined with S. fecalis was employed, except for the use of L. casei medium and inoculum. 3 Coleman, Junior. 4 Baltimore Biological Laboratory, Baltimore, Md.
Total folic acid activity. The same procedure as outlined with S. fecalis was employed, except for the use of L. casei medium and inoculum.
Citrovorum factor activity (CF). In testing for the presence of citrovorum factor (CF, 5-formyl-5,6,7,8-tetrahydropteroyl-L-glutamic acid), the organism employed was P. ccrcvisiae (ATCC 8081) under conditions similar to those described for S. fecalis, except that synthetic CF was used as a reference standard as well as to maintain growth of the organism.
Charcoal adsorption. After conjugase digestion and Seitz filtration, the material in the filtrate was extracted at pH 7.0 with 400 mg of acid-washed charcoal (Norit A, Pfanstiehl) as in the original procedure described for isolation of the Norit eluate factor (8). The adsorbed samples were then centrifuged, and the supernatant fluid was decanted into 500-ml Erlenmeyer flasks. Duplicate samples of the supernatant fluid were taken, and the amount of folic acid-like substances not adsorbed on the charcoal was determined by the procedure for total folic acid activity. The charcoal was then washed with 60%
ethanol. Three fractional elutions of the folic acid-like substances from the charcoal were then carried out with 15 ml of ammoniacal 70% ethanol for each elution. The three eluates were then combined and lyophilized.
Adsorption isotherms at 250 C were determined for folic acid active material in three dietary homogenates by multiple extractions with charcoal.
Synthesis of N'0-formyl-PGA. This compound was prepared by incubating 10 mg of PGA with 1 ml of formic acid at 750 C for 30 minutes according to the method of Silverman, Law, and Kaufman (9) . DEAE preparation and chromatography. The techniques of DEAE (diethylaminoethyl cellulose anion exchanger) preparation and column chromatography were based on those of Toennies and Phillips (10) and Oliverio (11) . A suspension containing 100 g of DEAE and 1 L each of 0.5 M sodium chloride and 0.5 M sodium hydroxide was prepared. This suspension was filtered with suction through filter paper on a sintered glass funnel. The cake was transferred to a beaker, resuspended in 1 L distilled water, and refiltered as above. The process was repeated until the wash water reached a pH of 7.0. During the washing procedure, the residual suspension of fine particles was decanted and discarded toward the end of each filtration step. After the water wash, the material was suspended in 1,500 ml of 95% ethanol, filtered, and washed finally with 1,500 ml of absolute ethanol. The DEAE was then spread out loosely on a glass dish and allowed to dry overnight at room temperature.
Columns were prepared by pouring a distilled water slurry of DEAE into 1-X 30-cm chromatographic columns equipped with a sintered glass support at the base. The column was packed with air pressure and refilled until a packed column 1 X 25 cm was achieved, leaving about 2 ml of distilled water above the column. Columns may be prepared, stoppered, and stored in a refrigerator, or used at once. Fresh DEAE was used for each fractionation and discarded after use. 
RESULTS
The free and total folic acid activity values for 17 American diets as determined by S. fecalis assay are shown in Table I . These values compare favorably with those reported for six Puerto Rican diets that were found to contain a daily average of 65 ug of free and 140 ymg of total folic acid activity (12) . No growth-supporting activity was found in the control determinations on the conjugase preparation so that no correction factor was necessary.
Representative menus of the American diets are indicated below and in the legends of Figures 1 and 2 . Table II shows the free and total folic acid activity in four diets as letermined by L. casei assay.
Adsorption experimeents. The adsorption isotherms in a typical experiment are shown in Ta- tention of polyglutamates, since yeast polyglutamates are recovered under the conditions described. Figure 1 illustrates the growth-supporting activity for S. fecalis of DEAE fractions derived from a diet with and without conjugase treatment. Most of the growth-supporting activity was observed in two chromatographic peaks, centered at tubes 14 and 21, respectively. The activity increased in each of these after conjugase digestion. It was also seen that conjugase digestion was associated with the development of a third peak of growth-supporting activity between tubes 45 and Figure 2 , curve 2A. Only the second peak is augmented.
Further evidence that the second peak is CF is presented in Figure 4 in which the same fractions forming the second peak from(diets tested with S. fecalis also support growth of P. cerevisiae. This diet consisted of one pork chop, French fried 5 CF, Calcium Leucovorin, kindly provided by Dr. T. H.
Jukes, Lederle Laboratories, Princeton, N. J. 6 A small zone of yellow pigment was observed between tubes potatoes, turnip greens, tomato and lettuce salad, mayonnaise, canned peaches, corn bread, butter, and homogenized milk. Calculations indicate that the diets assayed in this study yield a daily average of 63 pg of folic acid activity in the form of CF. Approximately 90%o of the original activity was converted to this compound, although a small residual peak may be seen in the PGA elution zone centered at tube number 45. When this synthetic product was added to a luncheon (upper left) and passed through DEAE, the resultant chromatogram (lower left) represented a summation of the two individual chromatograms. Thus, the first peak of the luncheon is augmented by N10-formyl-PGA, the second peak (CF) remains unchanged, and the residual PGA that was not present in the diet sample presents itself at tube number 45, as in other experiments. Evidence in confirmation of these findings was obtained by treating a dietary extract with 0.5 N sodium hydroxide at 370 C for 17 hours, a method described by Usdin (15) fecalis OR Lactobacillus casei. Note that the peak centered at tube 45, which is the PGA elution zone, supports growth of both organisms. This extract was made from a special diet that was known to contain a third peak: chicken livers, mashed potatoes, broccoli, cherry salad, butterscotch pudding, corn bread, butter, coffee, and sugar. See text for further comments.
FIG. 4. PATTERN OF GROWTH SUPPORT FOR S. fecalis OF A SERIES OF FRACTIONS OBTAINED BY DEAE FRACTIONA-TION (UPPER CURVE) AND THE SAME DIETARY FRACTIONS TESTED FOR ABILITY TO SUPPORT GROWTH OF
accord with the conclusions that the first peak is N10-formyl-PGA, the second is CF, and the third is PGA.
Comparison of S. fecalis and L. casei. The chromatographic growth-support pattern of dietary extracts is depicted in Figures 6 and 7 in which identical fractions have been tested with both L. casei and S. fecalis. Growth curves are similar, although in some cases factors having activity for L. casei continue to leave the column after the second S. fecalis peak has reached base line. It is believed that this represents elution of other compounds, such as methylfolates, which are active for L. casei but not for S. fecalis. Tables I and II indicate that L. casei shows several times more folic acid activity in diets than S. fecalis. Parallel charcoal extractions (Table III) , however, indicate a relatively greater loss of material having activity for L. casei than for S. fecalis. This difference in affinity for charcoal suggests that some of the factors supporting L. casei are not PGA derivatives. In general, L. casei seems more sensitive and yields higher rates of growth at lower concentrations of nutrient than S. fecalis. In our experience, however, there is more variability in the growth response with L. casei. The latter phenomenon may be attributed to the fact that this organism is less fastidious in its growth requirements and responds to a wider range of compounds whose presence or interaction leads to varying rates of growth.
The distribution of folic acid-like activity among the three peaks has been calculated on a percentage basis for ten diets with S. fecalis as the test organism and on two diets with L. casei as the test organism. Results are shown in Table IV . With these ratios applied to a mean daily intake of 184 ug of folic acid activity, the three peaks yield 101, 63, and 20 pg, respectively, of folic acid activity for S. fecalis in terms of a PGA standard. Assays of folic acid activity in the ten separate diet samples before and after passage through DEAE columns indicate a recovery of 95%o (n = 10, range = 72 to 109%o, mean = 95, SD = + 5%o).
The diet yielding the lowest total of folic acid activity, i.e., 80 uig, consisted of: breakfast-toast and coffee; lunch-bologna sandwich on white bread with lettuce and mayonnaise, A pint skimmed milk, 1 fresh pear, and 5 vanilla wafers; and supper-two baked pork chops, mashed sweet potatoes, marshmallows, creamed field peas, 1 slice whole-wheat bread, and A pint homogenized milk. This diet would provide 4 ptg of folic acid activity daily as available PGA on the basis of evidence that the third peak is PGA, amounting in this instance to 5%' of the total.
DISCUSSION
The need for some form of folic acid in human nutrition has been amply demonstrated by many investigators since 1945, but the minimal daily requirement has not yet been accurately established. Oral doses of 5 to 15 mg daily have been recommended in the past for the treatment of certain so-called folic acid deficiency diseases (16) . A reappraisal of man's daily folic acid requirement, however, became necessary recently when Sheehy and associates (17) demonstrated the effectiveness of small oral doses of folic acid in the treatment of tropical sprue. There is evidence that these patients develop and maintain megaloblastic anemia even while consuming a diet that contains an average of 140 ug of folic acid activity daily according to bacteriological assay (12) . The addition of 25 Mg of pure synthetic PGA to the daily oral intake of certain patients resulted in the correction of the clinical mianifestations of the disease. It is paradoxical that such patients should respond to a dose of folic acid that is smaller than the amount measured bacteriologically in the diet. This observation emphasizes at least one of the limitations of the bacteriological method for assay of crude diets. This observation has also led to the suggestion that man may have a specific requirement for PGA and may be unable to utilize certain dietary folates under some circumstances (3).
It seems unlikely that the beneficial result of the oral administration of (Figure 1 ).
This fraction constituted 11% of the total.
It is not possible to exclude the possibility that folyl-y-glutamate might have similar elution properties under the described experimental conditions. This seems unlikely, however, since both Usdin (15) 4) It is suggested that certain compounds which possess folic acid-like activity in bacteriological assay systems may be inactive in human nutrition or at least inactive in the nutrition of patients with tropical sprue.
